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Identification of all the transcription factors (TFs) encoded in a given genome is a prerequisite for understanding transcriptional regulatory networks.
Archaea are prokaryotes that constitute one of the three main branches of organisms with an astounding diversity of habitats. In this report, we establish
the ArchaeaTF database to provide an integrated information resource about TFs in Archaea, such as basic characteristics, domain architectures, and
sequence similarities against the linked databases. Through its Web interface, ArchaeaTF provides three different ways for users to retrieve the data:
simple browse, keyword search, andBLASTsearch.Moreover, ArchaeaTF can serve as a useful platform for comparative genomics analysis of archaeal
TFs since it implements a series of tools, including MUSCLE for multiple sequence alignments of the DNA-binding domains, QuickTree for
phylogenetic tree construction, and OrthoMCL for ortholog identification. The released ArchaeaTF 1.0 contains 2135 putative TFs from 37 completed
archaeal genomes. In conclusion, we believe that ArchaeaTF will be a useful resource and convenient platform for researchers working on TFs and
transcriptional regulatory networks to retrieve information fromTFs inArchaea rapidly. ArchaeaTF is accessible at http://bioinformatics.zj.cn/archaeatf.
Published by Elsevier Inc.Keywords: Archaea; Comparative genomics; Database; Transcription factorsUnderstanding gene transcriptional regulatory networks, one
of the major challenges for the molecular biology community,
provides the possibility of understanding better the function of
gene regulation of cellular responses to environmental changes at
a system level [1]. Generally, the transcriptional regulatory
network consists of a collection of transcription factors (TFs), the
DNA-binding sites of the TFs, and the regulated target genes.
Among them, TFs are at the core of transcriptional regulatory
networks and the estimated number of TFs in prokaryotes and
eukaryotes is about 3–10% [2]. Thus, identification of all the TFs
encoded in a given genome is a prerequisite for understanding
transcriptional regulatory networks [3,4]. However, experimental
identification of the TFs is slow and laborious. In support of this,
many databases have been devoted to the putative TFs (some also
incorporating experimental evidence) in a well-organized form,⁎ Corresponding authors.
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doi:10.1016/j.ygeno.2007.09.007and the majority of them have just appeared in recent years,
including TRANSFAC [5], DBTBS [6], BacTregulators [7],
AraC-XylS database [8], cTFbase [9], TrSDB [10], DRTF [11],
DATF [12], FlyTF [13], PlnTFDB [14], and DBD (subsequently,
we refer to this resource as “DBD database” to avoid confusion
with the abbreviation of DNA-binding domain present in a TF)
[15]. One of themost important features of TFs is that they contain
the DNA-binding domain (DBD) involved in interacting with
specific DNA sequences, which accounts for a variety of struc-
tures [16]. Among them, the helix-turn-helix is the most common
type of DBD in prokaryotes (both Bacteria and Archaea), while
some other DBDs, such as zinc finger, leucine zipper, and basic-
helix-loop-helix, are present mainly in eukaryotes.
Archaea are prokaryotes that constitute one of the three main
kingdoms of life and have an astounding diversity of habitats [17].
They often live in peculiar ecological niches with extremes of
temperature, pressure, pH, or salt concentration. Currently, a large
number of archaeal genomes have been fully sequenced,
contributing to a better understanding of their biological functions
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that their transcription and gene regulatory mechanisms are a
combination of features of both bacterial-like TFs and eukaryal-
like TFs [18–20]. The bacterial-like TFs are mainly those of
specific TFs that have the helix-turn-helix DBD, while the
eukaryal-like TFs are mainly those of basal TFs, such as TBP,
TFIIB, and TFIIE. Thus, it is particularly important to study the
transcription and regulatory mechanisms in Archaea, which will
shed more light on gene transcriptional regulatory networks and
their environmental adaptation. However, there is no compre-
hensive database that has been constructed to provide information
about TFs in Archaea. The only available TF database identifying
TFs fromArchaea is the DBD database, which was constructed to
predict TFs from all eukaryotes and prokaryotes and just listed the
TF entries. In this study, we establish an integrated database
named ArchaeaTF to provide comprehensive information about
TFs in the completely finished archaeal genomes. Through its
user-friendly interactive interface, users can employ various
criteria to retrieve all TF sequences and their detailed annotation
information, including sequence features, domain architectures,Fig. 1. TF identification procedure. The ellipses indicate the bioinformatics progand sequence similarities against the linked databases. Further-
more, ArchaeaTF can work as a useful platform to perform
comparative genomics analysis, such as multiple sequence
alignments of the DNA-binding domains, construction of the
phylogenetic tree of the individual TF family, and identification of
ortholog groups from any selected genomes. In conclusion, we
believe that ArchaeaTF will provide valuable resources and tools




Using a combination of BLAST-based searches and HMM-
based searches (Fig. 1), we identified a total of 2135 putative TFs
from 37 fully sequenced archaeal genomes, including 26 from
Euryarchaeota, 10 from Crenarchaeota, and 1 of Nanoarchaeota.
When the putative TFs were compared with those corresponding
to the original annotation in the KEGG database, we found that aram used at that step, while the rectangles indicate the input or output data.
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that were annotated to contain the specific words “regulation” or
“helix-turn-helix.” The potential false negatives may derive
mainly from the strategy of large-scale automatic genome anno-
tation. Among all the TF-related databases, to our knowledge, the
DBD database was the only TF database that also identified
putative TFs from archaeal genomes [15]. However, just at the
level of database content, we found that the ArchaeaTF 1.0
differed from the current DBD database in many ways. First,
according to the general characteristics of archaeal transcription
and gene regulatory mechanisms [18–20], we have integrated
both basal TFs (eukaryal-like TFs) and specific TFs (bacterial-likeFig. 2. Database access and description of an entry. Users can access the data through
search result page is linked to an entry description page, which contains basic seq
databases, and detailed sequence information.TFs) into ArchaeaTF, while the DBD database contained just
specific TFs. Second, ArchaeaTF 1.0 included more archaeal
genomes (37 to date) than the DBD database (27 to date). Third,
there were many discrepancies even if we compared the number
of TFs in the 27 shared genomes and did not take the general TFs
into consideration.We found that 361 curated TFs from the shared
27 genomes were not present in the DBD database, and mean-
while theDBDdatabase also identified 398 putative TFs thatwere
considered to be possible false positives in ArchaeaTF 1.0. The
reasons for this may have arisen from the differences in the aims
and philosophies of the two databases. The DBD database was
based on domain assignments from the SUPERFAMILY andsimple browse, keyword search, and BLAST search. The individual item in the
uence features, domain architectures, sequence similarities against the linked
105J. Wu et al. / Genomics 91 (2008) 102–107Pfam databases to predict DNA-binding domains from all pro-
karyotic (including Archaea) and eukaryotic organisms using the
same benchmark, and some of them are not necessarily involved
in the regulation of gene expression, such as transposases,
integrases, recombinases, andmethyltransferases. For ArchaeaTF
1.0, several independent methods followed by manual curation
described above were applied to identify TFs from archaeal
genomes. Detailed information can be found from the tutorial
page of the Web site.
Database access and description of an entry
ArchaeaTF provides an easy-to-use Web interface for users to
retrieve the data in three different ways (Fig. 2). In the simple
browse page, users can access the data by clicking a specific TF
family or species. In the search page, queries are performed by
keywords, including locus tag, species, and the family of TF.
Expression in separate fields is combined with a logical operator
such as AND, OR, or NOT. Users can use the order option to rank
the query results that are displayed in an explicit table with each
hit represented by a row containing the corresponding locus tag,Fig. 3. Integrated platform for comparative genomics analysis. Users can identify ort
putative TFs from any selected genome. Moreover, the integrated tools are cross-linprotein length, family, and species. More detailed information of
an entry can be obtained by clicking the View Detail option. In
addition, a BLAST program is implemented to enable users to
identify the homologs of the query sequences in ArchaeaTF. The
users have the option to perform the BLAST searches against
either the whole TF sequences or just the DBD sequences of TFs.
In addition to customized parameters for the program, cross-links
to the corresponding subject gene pages are provided in a result
page. A typical ArchaeaTF entry contains detailed annotation
information about the TF in the following areas (Fig. 2):
(1) Basic sequence features: This section contains many basic
properties of a specific TF, such as sequence length, mo-
lecular weight, and isoelectric point. Information about the
locus tag, species, and family of the TF and links to
orthologs and phylogenetic tree are also given.
(2) Domain architectures: This section shows the domain
architectures of the TF assigned by the Pfam (release 1.69)
and SUPERFAMILY databases (version 22.0) using the
Hmmpfam program in the HMMER package and further
links to them.holog group, make multiple alignments, and construct a phylogenetic tree of the
ked and form an interrelated network.
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section provides the sequence similarities of the TF against
several main databases (PDB collected byMarch 11, 2007;
Swiss-Prot release 52.0; RefSeq release 22; and DBD
database version 2.0) using the BLAST program. Cross-
referring links to these databases are also offered if
available.
(4) Detailed sequence information: This section displays both
the protein sequence and the nucleic acid sequence.
Useful platform for comparative analysis
ArchaeaTF serves not only as a central information resource,
but also as a comparative analysis platform for TFs in Archaea
(Fig. 3). It helps users to analyze, utilize, and understand the data
more effectively. Using the MUSCLE program [21], users can
perform the multiple alignments of DBD sequences of TFs
within specific families from the selected genomes. The colored
output makes evolutionary analysis of the conservation pattern
more intuitive. Orthologs are genes derived from a single
ancestral gene in the last common ancestor and may have the
same functions in different species. With the OrthoMCL
program [22], users can get a precomputed result that allows
users to browse the orthologous relationships of TFs from the
selected genomes. This tool will also allow users to identify the
common TFs from the selected genomes. Evolutionary analysis
of TFs from different species will provide an important basis for
understanding how they adapt to environments. The QuickTree
program [23], using a neighbor-joining algorithm, allows users
to construct a phylogenetic tree for TFs within specific families.
The reliability of the tree is evaluated by the bootstrap method
with 100 replications and visualization of the tree is performed
using the ATV program [24]. Furthermore, all data and tools in
ArchaeaTF are cross-linked and form an interrelated network.
For example, the resulting ortholog groups can be further used to
make multiple sequence alignments, to construct a phylogenetic
tree, and so on.
Future development
ArchaeaTF aims at collecting all the TFs encoded in the
completely finished archaeal genomes, providing their detailed
annotation information and working as a central platform for
comparative genomics analysis of TFs. To increase its
usefulness further, we are committed to offering up-to-date
information about the TF entries through regular upgrades. The
users are kindly invited and encouraged to deposit the new
potential TFs to ArchaeaTF. Submission can be performed
either through a “Feedback” form accessible on the main page or
by e-mail. Currently, ArchaeaTF 1.0 contains 2135 putative TFs
identified from 37 fully sequenced archaeal genomes. These
existing entries will be updated to keep up with the newest
annotation information in linked databases (such as the Pfam
database) to reflect updated annotation. Furthermore, Archae-
aTF will constantly incorporate more putative TFs in the newly
completed genomes when they become available. We hope that
ArchaeaTF can become a useful resource and comparativegenomics platform for the further TF studies in the postgenomic
era.
Materials and methods
Identification of putative TFs
All the TFs encoded in 37 archaeal genome sequences, downloaded from the
KEGGdatabases [25], were identified bymeans of a combination ofBLAST-based
searches and HMM-based searches (Fig. 1). In BLAST-based searches, an initial
set of well-characterized or putative TFs obtained with a keyword search from the
Swiss-Prot/TrEMBL databases (release 10.0) [26] was used as query sequences to
search the archaeal genome sequences. A stringent E value of 1×10−10 was
applied for the collection of sequences and 1735 candidate TFs were obtained
through this process. In HMM-based searches, a number of HMM profiles
corresponding to DBDs were retrieved from the Pfam (version 22.0) and
SUPERFAMILY (release 1.69) databases [27,28]. These HMM profiles were used
to search the archaeal genome sequences using the Hmmpfam program in the
HMMER package with an E value of 0.01. Finally, 1881 candidate TFs were
identified through this process. We found that 1559 candidate TFs were identical
through both methods and the duplicates were eliminated. It has previously been
reported that the BLAST algorithm focuses mainly on finding pairwise sequence
alignments, which are statistically significant and are often not sensitive enough to
capture highly divergent sequences [29]. Moreover, HMM profiles downloaded
from the Pfam database are general to all the species and are shown likely to lack
some specificity to certain species [30]. Thus, some actual true TFs may be missed
due to their evolutionary sequence divergence. For such reasons, the putative TFs
from all the 2057 candidate TFs were aligned to generate the corresponding HMM
profiles specific to archaeal TFs using the MUSCLE program [21] and the
Hmmbuild program implemented in the HMMER package [31]. The archaeal
genome sequences were further scanned by these newly constructed profiles
through the Hmmpfam program in the HMMER package with an E-value
threshold of 10−5. Proteins that fit the criteria were added to construct other new
profiles for another round of Hmmpfam searches. The procedure was iterated until
no newTFwas detected. As a result, a total of 263 new candidate TFswere yielded.
It should be noted that although we started the search with TFs as queries, some
identified candidates might potentially be non-TFs (false positive hits). The main
reason for false positives is that some non-TFs, such as transposases and
recombinases, might also possess the DBD [16], which may lead to the false
positives in HMM-based searches. Therefore, at the end of the TF identification
process, we assigned Pfam domains to all the putative candidate TFs using the
Hmmpfam programwith anE value of 0.01. The criterion used to exclude the false
positive hits was based on their domain annotation information, and as such 185
proteins that harbored domains with DNA-related activity but that were not
generally considered as TFs were removed [16,32]. We found that the most typical
kinds of such proteins were related to DNA replication, repair, recombination, and
transposition and are listed as follows: helicases, topoisomerases, endonucleases,
transposases, integrases, and recombinases.
Database construction
The data resource in theArchaeaTF has been designed as a relationalmodel and
stored in the MySQL database system. The PHP language scripts is used to
generate the data on a Web interface and the Apache Web server is used as the
server software. All procedures are executed on the Linux operating system. Other
custom interfaces and data presentation were developed using the Perl program and
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